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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a sensor which is less 
dependent on 

temperature and unnecessary for anode joining by 
constituting an insulating 

diaphragm film of insulating material containing silicon, 
aluminum and 
nitrogen . 

SOLUTION: A fixed electrode 40 containing p type or n 
type impurity of high 

concentration, a lead 41 and a connection terminal 42 are 
formed on the surface 

of a sensor substrate 30 of mono-crystal silicon to form a 



substrate protection 

film 50 on the region. A sacrifice film 60 for covering a 
pressure receiving 

region is formed thereon to form an insulating film 70 for 
covering it on the 

main surface of the substrate 30, a movable electrode 81 is 
formed in the 

pressure receiving region and a lead 82 and a connection 
terminal 83 are shaped 

with a semiconductor film 80 except for the pressure 
receiving region. The 

semiconductor film 80 is covered to form an insulating 
diaphragm film 90, a 

connection hole 110 reaching the terminal 83 by penetrating 
it is formed, and 

the electrode 81 is connected to an output terminal 120 via 
it . Here , the film 

80 is constituted of at least material containing silicon, 
aluminum and 

nitrogen, and substantially equals to the thermal expansion 
coefficient of the 

substrate 30. Thus, a sensor of a small temperature 
coefficient of a zero 

point and sensitivity can be obtained. 
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[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention uses the silicon 
micromachining technology which combined the process technology of a semiconductor, 
and special etching technology, and relates to the electrostatic-capacity type pressure 
sensor in which the diaphram was formed on the substrate front face, and its manufacture 
method. 
[0002] 

[Description of the Prior Art] Various kinds of pressure sensors are known from before, 
and there is an electrostatic-capacity type pressure sensor which formed the diaphram on 
the front face of a semiconductor substrate into it. The cross-section structure of such a 
conventional electrostatic-capacity type pressure sensor is shown in drawing 9 . 
[0003] This electrostatic-capacity type pressure sensor has lamination ****** for the 
silicon structure 10 equipped with the diaphram 1 1 which functions as a movable 
electrode, and the glass substrate 20 equipped with the fixed electrode 21 formed so that 
it might counter with a diaphram 1 1 by the anode plate conjugation method. And if a 
pressure P is impressed from the direction shown by the arrow in drawing, a diaphram 1 1 
will deform according to this, the gap of a diaphram 1 1 and a fixed electrode 21 will 
change, and the electrostatic capacity of the capacitor formed by the diaphram 1 1 and the 
fixed electrode 21 will change. Then, a pressure P is detected by detecting this 
electrostatic capacity. 

[0004] Here, the single-crystal-silicon substrate of a field is used for the silicon structure 
10 (100), and the diaphram 1 1 is formed by carrying out anisotropic etching of a part of 
silicon structure 10. Generally, potassium-hydroxide solution, tetramethylammonium- 
hydroxide solution, etc. are used as this etching reagent. Moreover, in order to operate a 
diaphram 1 1 as one movable electrode of a capacitor, it is processed so that p type or an n 
type impurity may be contained in high concentration, and it is made to acquire a high 
conductivity property. 

[0005] Moreover, etching processing of the desired depth is given so that a Pyrex glass 
may generally be used and a glass substrate 20 may cover a diaphram 1 1 to a plane-of- 
composition side with the silicon structure 10. Generally, the solution of a hydrofluoric- 
acid system is used for this etching reagent. Moreover, one fixed electrode 21 of a 
capacitor is formed by carrying out the vacuum evaporationo of the metal membrane so 
that the etching processing side 22 may be countered with a diaphram 11, and carrying 
out photo etching of this. The cascade screen which formed titanium upwards and formed 
aluminum is used for the metal membrane of this fixed electrode 21 . 
[0006] And the silicon structure 10 and the glass substrate 20 are joined with sufficient 
airtightness by piling up the plane of composition of the silicon structure 10 formed as 
mentioned above and a glass substrate 20, performing alignment, heating at 300 degrees 
C by using a glass substrate 20 as cathode, using the silicon structure 10 as an anode 
plate, for example, impressing the direct current voltage of 600V, without using 
adhesives etc. (anode plate junction). 

[0007] It joins maintaining circumference atmosphere at a vacua at the time of anode 
plate junction of a silicon substrate 10 and a glass substrate 20, when this pressure sensor 
is used as an absolute-pressure measurement type. The space section which carried out 
etching processing of the front-face side of a silicon substrate 10 serves as a vacuous 



pressure criteria room by this, a diaphram bends in proportion to the impressed absolute 
pressure, and electrostatic capacity value changes with these deflections. Therefore, 
change of electrostatic capacity can be taken out as a pressure detecting signal to a 
vacuum, and the absolute pressure impressed to a diaphram 1 1 can be measured. 
[0008] By such electrostatic-capacity type sensor, sensitivity can be made high by 
narrowing the gap of the electrode (counterelectrode) of the couple which forms a 
capacitor. Moreover, it has the features, like there is no temperature dependence of 
sensitivity theoretically. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in such a conventional electrostatic- 
capacity type pressure sensor, the coefficient of thermal expansion of the glass substrate 
20 which consists of a Pyrex glass is more slightly [ than the silicon structure 10 which 
consists of single crystal silicon ] small. For this reason, when ambient temperature 
changed, it originated in the difference of this coefficient of thermal expansion, thermal 
stress changed, and there was a problem of degrading the zero of a sensor and the 
temperature characteristic of sensitivity. Moreover, the glass substrate 20 deformed by 
heating at the time of anode plate junction, the fixed electrode 21 formed in the glass 
substrate 20 may contact a diaphram 1 1 depending on the gap of a counterelectrode, and, 
in such a case, there was a problem that it did not function as a sensor. 
[0010] this invention is made in view of such a conventional technical problem, the 
purpose has the small temperature dependence of a zero and sensitivity, and it is in 
offering the electrostatic-capacity type pressure sensor with unnecessary anode plate 
junction and its manufacture method for assembling a sensor. 
[001 1] 

[Means for Solving the Problem] this invention prepares a pressure criteria room on the 
fixed electrode formed in the main front face of a substrate , and it is characterize by for 
the aforementioned insulating diaphram film to consist of insulating material which 
contains silicon , aluminum , and nitrogen at least in the electrostatic-capacity type 
pressure sensor formed the movable electrode which changes the aforementioned 
pressure criteria room from a conductive film to the pressure-receiving field of the 
insulating diaphram film by which covering formation was carried out at the main front- 
face side of the method of wrap aforementioned substrate . 

[0012] Moreover, while the aforementioned insulating diaphram film contains nitrogen 
30 - 50atm% aluminum 10 - 40atm% silicon 10 - 40atm%, the content of oxygen is 
characterized by being less than [ 25atm% ]. 

[0013] Thus, this invention constitutes the insulating diaphram film from an insulating 
material containing silicon, aluminum, and nitrogen. And what (for example, it adjusts to 
the above composition ratios) composition of this insulating diaphram film is adjusted for 
can adjust the coefficient of thermal expansion of an insulating diaphram film. For this 
reason, both coefficient of thermal expansion is made to an equal by setting up 
composition of an insulating diaphram according to the coefficient of thermal expansion 
of a substrate. Then, it originates in the difference of a coefficient of thermal expansion, 
thermal stress changes, and the trouble that the zero of a sensor and the temperature 
characteristic of sensitivity deteriorate can be canceled. 

[0014] Moreover, the 1st insulating diaphram film which this invention is formed on the 
main front face of the substrate by which the fixed electrode was formed in the main front 



face, and the aforementioned substrate, carries out predetermined distance isolation from 
the aforementioned main front face in a pressure-receiving field, and carries out partition 
formation of the pressure criteria room, The movable electrode which consists of the 
conductive film formed in the pressure-receiving field of the insulating diaphram film of 
the above 1st, The 2nd insulating diaphram film by which covering formation was carried 
out on the main front face of the method of wrap aforementioned substrate in the 
aforementioned movable electrode, at least one opening formed so that the insulating 
diaphram film of the above 2nd and the insulating diaphram film of the above 1st might 
be penetrated and it might arrive at the aforementioned pressure criteria room, and above 
— it is characterized by closing one opening, even if few, and including the closure 
member which seals the aforementioned pressure criteria room 

[0015] Furthermore, this invention so that the process which forms a fixed electrode in 
the main front face of a substrate, the process which forms a wrap sacrifice film for the 
pressure-receiving field on the front face of main of a substrate, and the aforementioned 
sacrifice film may be covered The process which forms the 1st insulating diaphram film 
on the main front face of the aforementioned substrate, The process which constitutes the 
movable electrode which becomes the pressure-receiving field of the above 1st from a 
conductive film, So that the process which forms the 2nd insulating diaphram film so that 
this movable electrode may be covered, this 2nd insulating diaphram film, and the 
insulating diaphram film of the above 1st may be penetrated and the aforementioned 
sacrifice film may be reached So that the process which forms at least one etching- 
reagent inlet, the process which forms a pressure criteria room by carrying out etching 
removal of the aforementioned sacrifice film through the aforementioned etching-reagent 
inlet, and the pressure state of a request of the aforementioned pressure criteria room may 
hold It is characterized by including the process which seals the aforementioned etching 
inlet. 

[0016] Thus, according to the obtained electrostatic-capacity type pressure sensor, if a 
pressure is applied to a sensor, an insulating diaphram film will deform and the distance 
of a movable electrode and a fixed electrode will change with the pressures. And 
according to this distance change, the electrostatic capacity of the capacitor containing a 
movable electrode and a fixed electrode changes. Then, a pressure is detectable by 
detecting change of this electrostatic capacity. And the pressure of a pressure criteria 
room turns into a pressure of the atmosphere at the time of seal of an etching inlet. 
Therefore, in vacuum atmosphere, if an etching inlet is sealed, reference pressure will be 
in a vacua and can detect absolute pressure by this sensor. 

[0017] Here, according to the electrostatic-capacity type pressure sensor of this invention, 
the 1st insulating diaphram film is formed on a sacrifice film, and etching removes this 
sacrifice film after that. Therefore, in order to form a pressure criteria room, anode plate 
junction etc. is unnecessary. Then, like before, it originates in anode plate junction and a 
glass substrate does not deform. 

[0018] Thus, in this invention, the temperature dependence of a zero and sensitivity 
becomes small compared with what consists of material from which a coefficient of 
thermal expansion like elegance before differs by using a thin film material almost equal 
to the coefficient of thermal expansion of a substrate for a diaphram. 
[0019] Moreover, the junction for pressure criteria room formation is unnecessary, there 
are no problems, such as deformation of the glass substrate at the time of anode plate 



junction like elegance before, and a sensor property is stabilized. 
[0020] Moreover, it is formed in the part between the reference electrode formed in the 
pressure-receiving field of the insulating diaphram film of the above 1st, the insulating 
diaphram film of the above 1st, and the aforementioned substrate so that the 
aforementioned movable electrode may be surrounded, and it is characterized by 
including the diaphram fixed part which regulates movement of the aforementioned 
reference electrode. 

[0021] Thus, the capacity constituted by the reference electrode other than the capacity 

constituted by the movable electrode can be constituted by preparing a reference 

electrode. Then, according to the difference of two capacity, a pressure is detectable. 

There are two electrodes in the almost same place, and they can eliminate temperature 

effects etc. nearly completely by taking the difference of these capacity. 

[0022] Moreover, this capacity difference is easily detectable by the switched-capacitor 

circuit etc. Since a switched-capacitor circuit can be formed easily, it is still easier to 

form on the same substrate than the usual semiconductor processing process. Therefore, 

accumulation formation also of the circuit portion can be carried out on the same 

substrate. 

[0023] 

[Embodiments of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of 
the suitable operation for this invention is explained based on a drawing. 
[0024] (Fundamental composition) The plan showing the structure of the example of 
fundamental composition of the electrostatic-capacity type pressure sensor concerning 
this invention is shown in drawing 1 , and cross-section explanatory drawing which met 
the A-B-C line of drawing 1 is shown in drawing 2 . moreover — drawing 3 and 4 — 
movable-electrode connection — a hole and fixed electrode connection — the enlarged 
view of the portion of a hole is shown 

[0025] It consists of single crystal silicon and, as for the substrate 30 of the electrostatic- 
capacity type pressure sensor of this invention, the fixed electrode 40, the fixed electrode 
lead 41 , and the fixed electrode end-connection child 42 who were processed so that p 
type or an n type impurity might be contained in high concentration are formed in this 
front face. Moreover, covering formation of the substrate protective coat 50 which has an 
etching-proof property if needed throughout the front face of a substrate 30 is carried out. 
[0026] And in the front face of this substrate protective coat 50, covering formation of the 
sacrifice film 60 which has an isotropic etching property is carried out so that a pressure- 
receiving field may be covered. In addition, this sacrifice film 60 is removed in a 
manufacturing process, and is not in a product. Moreover, covering formation of the 1st 
insulating diaphram film 70 is carried out so that it may cross to the main front face of a 
substrate 30 throughout the and the aforementioned sacrifice film 60 may be covered. 
[0027] Furthermore, the movable electrode 81 arranged to the pressure-receiving field of 
the 1st insulating diaphram film 70, and the movable-electrode lead 82 and the movable- 
electrode end-connection child 83 who have been stationed outside a pressure-receiving 
field are formed from the semiconductor film 80. For example, when using a polycrystal 
silicon film for this semiconductor film 80, the semiconductor film 80 which consists of a 
polycrystal silicon film is processed so that p type or an n type impurity may be contained 
in high concentration, and acquires a high conductivity property. 

[0028] Here, the insulating diaphram film 70 consists of material which contained silicon. 



aluminum, and nitrogen at least, and the feature of this invention is in being almost equal 
to the coefficient of thermal expansion (3.68x 1 0-6/degree C) of a substrate 30. For 
example, when the single crystal silicon of a direction (100) is used for a substrate 30, 
composition of the insulating diaphram film 70 is made nitrogen 50atm% aluminum 
17atm% silicon 33atm%. Thereby, the coefficient of thermal expansion of the insulating 
diaphram film 70 becomes almost equal to the substrate 30 which consists of single 
crystal silicon of a direction (100), and there is no generating of the thermal stress by 
change of the ambient temperature of a sensor like before. Therefore, a zero and an 
electrostatic-capacity type pressure sensor with the small temperature dependence of 
sensitivity can be offered. In addition, when the aforementioned insulating diaphram film 
70 controls composition in a film (a component ratio is changed), what has a 3.5x10- 
6/degree-C - 4. 1 x 1 0-6/degree C coefficient of thermal expansion is obtained. 
[0029] Moreover, as for the semiconductor film 80, protecting with an insulating film is 
desirable. For this reason, as the aforementioned semiconductor film 80 is covered, 
covering formation of the 2nd insulating diaphram film 90 is carried out. the movable- 
electrode connection which penetrates this 2nd insulating diaphram film 90, and reaches 
the aforementioned movable-electrode end-connection child 83 — a hole 1 10 forms — 
having — this movable-electrode connection — the movable electrode 81 is connected to 
the movable-electrode output terminal 120 through the hole 1 10 In addition, the enlarged 
view of this portion is shown in drawing 3 . 

[0030] furthermore, the fixed electrode connection which penetrates the 1st insulating 
diaphram film 70 and the 2nd insulating diaphram film 90 in the position of the opposite 
side of the movable-electrode end connection 1 10, and reaches the fixed electrode end- 
connection child 42 as shown in drawing 1 — the hole 1 30 is formed and this fixed 
electrode connection — the fixed electrode 40 is connected to the fixed electrode output 
terminal 140 through the hole 130 In addition, the fixed electrode 40 is extended among 
the fixed electrode end-connection children 42 through the fixed electrode lead 41 . The 
enlarged view of this portion is shown in drawing 4 . 

[0031] And opening formation of at least one etching-reagent inlet 100 which penetrates 
the 1st insulating diaphram film 70 and the 2nd insulating diaphram film 90, and reaches 
the sacrifice film 60 is carried out in the pressure-receiving field predetermined position 
of this electrostatic-capacity type pressure sensor, and etching removal of the sacrifice 
film 60 formed at the beginning is altogether carried out through this etching-reagent 
inlet 100. 

[0032] That is, the movable diaphram 400 constituted from the 1st insulating diaphram 
film 70 located in the upper surface side of the pressure criteria room 200 separated from 
the substrate 30, a semiconductor film 80, and the 2nd insulating diaphram film 90 is 
formed at the same time the pressure criteria room 200 surrounded with the insulating 
diaphram film 70 of a substrate 30 and the above 1st by removing the sacrifice film 60 
altogether is formed. 

[0033] In using this electrostatic-capacity type pressure sensor as an absolute-pressure 
measurement type, in vacuum atmosphere, it closes all the aforementioned etching- 
reagent inlets 100 with the closure cap 300. By this, the aforementioned pressure criteria 
room 200 will be in a vacua, the movable diaphram 400 bends in proportion to the 
impressed absolute pressure, and the electrostatic capacity value between a fixed 
electrode 40 and a movable electrode 81 changes with these deflections. Therefore, the 



absolute pressure impressed to the movable diaphram 400 can be measured by taking out 
change of electrostatic capacity as a pressure detecting signal. 

[0034] (The manufacture method) Next, an example of the manufacture method of the 
electrostatic-capacity type pressure sensor concerning this invention is explained 
concretely. 

[0035] First, the fixed electrode 40, the fixed electrode lead 41, and the fixed electrode 
end-connection child 42 who contain p type or an n type impurity in high concentration 
by the ion implantation or thermal diffusion are formed in substrate 30 front face which 
consists of single crystal silicon. Next, covering formation of the substrate protective coat 
50 which has an etching-proof property throughout the front face of a substrate 30 is 
carried out, and covering formation of the sacrifice film 60 which has an isotropic etching 
property on the front face of this substrate protective coat 50 is carried out. Next, etching 
removal of the periphery of the pressure-receiving field of this sacrifice film 60 is carried 
out. 

[0036] Next, it crosses throughout the main front face of a substrate 30, and covering 
formation of the insulating diaphram film 70 of the method 1st of a wrap is carried out 
for the aforementioned sacrifice film 60. For example, when the single crystal silicon of a 
direction (100) is used for the aforementioned substrate 30, composition of the 
aforementioned insulating diaphram film 70 is made nitrogen 50atm% aluminum 
1 7atm% silicon 33atm%. Thereby, the coefficient of thermal expansion of the 
aforementioned insulating diaphram film 70 becomes almost equal to the substrate 30 
which consists of single crystal silicon of a direction (100). 

[0037] Next, covering formation of the semiconductor film 80 is carried out on the front 
face of the insulating diaphram film 70 of the above 1st. for example, the case where a 
polycrystal silicon film is used for this semiconductor film 80 — an ion implantation or 
thermal diffusion - p type or an n type impurity - high concentration — containing - 
high conductivity property **** - it processes like 

[0038] Next, etching removal of the movable electrode 81 formed in a pressure-receiving 
field and the semiconductor film 80 of the periphery of the movable-electrode lead 82 
and the movable-electrode end-connection child 83 formed outside a pressure-receiving 
field is carried out. Next, it crosses throughout the main front face of a substrate 30, and 
covering formation of the insulating diaphram film 90 of the method 2nd of a wrap is 
carried out for the aforementioned semiconductor film 80. 

[0039] Next, at least one etching-reagent inlet 100 is formed so that the insulating 
diaphram film 70 of the above 1 st and the 2nd insulating diaphram film 90 may be 
penetrated and the aforementioned sacrifice film 60 may be reached in a pressure- 
receiving field predetermined position. 

[0040] And by pouring in an etching reagent through this etching-reagent inlet 100, 
etching removal of the sacrifice film 60 is carried out altogether, and the pressure criteria 
room 200 of the size according to the geometry of the sacrifice film 60 is formed between 
the aforementioned substrate 30 and the insulating diaphram film 70 of the above 1st. For 
example, when polycrystal silicon is used for the sacrifice film 60, the etching reagent 
used for etching removal of the sacrifice film 60 uses an ethylenediamine pyrocatechol 
(EPW) solution. Etching removal of the 1st located in the upper surface side of the 
pressure criteria room 200 and 2nd insulating diaphram film 70 and 90 is not carried out 
from having etching-proof nature to an EPW solution. Consequently, the cascade screen 



with the 1st insulating diaphram film 70 located in the upper surface side of the pressure 
criteria room 200, the semiconductor film 80, and the 2nd insulating diaphram film 90 
will function as a movable diaphram 400. 

[0041] next, the movable-electrode connection which penetrates the 2nd insulating 
diaphram film 90 and reaches the movable-electrode end-connection child 82 — the fixed 
electrode connection which penetrates a hole 1 10, the 2nd insulating diaphram film 90, 
the 1st insulating diaphram film 70, and the substrate protective coat 50, and reaches the 
fixed electrode end-connection child 42 — a hole 130 is formed 

[0042] Next, covering formation of the aluminum is carried out throughout the front face 
of a substrate 30, and etching removal of the aluminum of the periphery of 1st wiring 150 
and wiring of** 2nd 160 field is carried out. thereby -- a movable electrode 81 — 
movable-electrode connection — it connects with the movable-electrode output terminal 
120 through a hole 1 10 and the 1st wiring 150 -- having — a fixed electrode 40 — fixed 
electrode connection — it connects with the fixed electrode output terminal 140 through a 
hole 130 and the 2nd wiring 160 

[0043] Next, in using this electrostatic-capacity type pressure sensor as an absolute- 
pressure measurement type, in vacuum atmosphere, it carries out covering formation of 
the closure material which consists of an insulator of the thickness which is the grade 
which can carry out seal closure of the etching-reagent inlet 100 throughout the front face 
of a substrate 30. An absolute-pressure measurement type electrostatic-capacity type 
pressure sensor is obtained by carrying out opening of the movable-electrode output 
terminal 120 and the fixed electrode output terminal 140 at the same time it removes a 
garbage by photo etching and finally forms the closure cap 300. 
[0044] (The 1st operation form) Next, it explains based on drawing 1 -4 used in 
explanation of the example of fundamental composition mentioned above about the 
electrostatic-capacity type pressure sensor of the 1st operation form. 
[0045] In the electrostatic-capacity type pressure sensor of this operation form, the 
single-crystal-silicon substrate of an n type direction (100) is used as a substrate 30. 
[0046] First, it is added and spread so that ion-implantation may be used for the main 
front face of the single-crystal-silicon substrate 30 for boron as an impurity and it may 
contain in high concentration, and the fixed electrode 40 with a depth of 3 micrometers 
processed by the p type semiconductor, the fixed electrode lead 41, and the fixed 
electrode end-connection child 42 are formed. Next, covering formation of the thermal 
oxidation film is carried out throughout the front face of the single-crystal-silicon 
substrate 30 as a substrate protective coat 50 which has an etching-proof property at 
lOOnm. 

[0047] And the sacrifice film 60 is formed in the front face of this substrate protective 
coat 50 so that a pressure-receiving field may be covered. In addition, this sacrifice film 
60 is removed at a back process. In this operation form, this sacrifice film 60 uses 
polycrystal silicon with a thickness of 200nm formed by reduced pressure CVD. Next, 
covering formation of the thin film material which crossed to the main front face of the 
singlc-crystal-silicon substrate 30 throughout the, and consisted of silicon, aluminum, and 
nitrogen considering the sacrifice film 60 as an insulating diaphram film 70 of the method 
1st of a wrap is carried out at 650nm of thickness. 

[0048] On the front face of this 1st insulating diaphram film 70, polycrystal silicon is 
formed as a semiconductor film 80 at 200nm of thickness. Furthermore, a movable 



electrode 81, the movable-electrode lead 82, and the movable-electrode end-connection 
child 83 are formed in this semiconductor film 80 by photo etching. In this operation 
form, the polycrystal silicon film used as this semiconductor film 80 is processed by the p 
type semiconductor added and diffused so that boron might be contained in high 
concentration using ion-implantation. 

[0049] Furthermore, covering formation of the thin film material which crossed 
throughout the main front face of the single-crystal-silicon substrate 30, and consisted of 
silicon, aluminum, and nitrogen considering this semiconductor film 80 as an insulating 
diaphram film 90 of the method 2nd of a wrap is carried out at 650nm of thickness. In 
this operation form, as for the 1st insulating diaphram film 70 and the 2nd insulating 
diaphram film 90, the thin film material of nitrogen 50atm% composition is used 
aluminum 17atm% silicon 33atm%. 

[0050] And opening formation of the etching-reagent inlet 100 with a diameter of 5 
micrometers which penetrates the 1st insulating diaphram film 70 and the 2nd insulating 
diaphram film 90, and reaches the sacrifice film 60 in a pressure-receiving field 
predetermined position is carried out by photo etching. By pouring in an etching reagent 
through the formed etching-reagent inlet 100, etching removal of the sacrifice film 60 
formed at the beginning is carried out altogether, and the cavity used as the pressure 
criteria room 200 is formed. 

[0051] As for the aforementioned etching reagent, the ethylenediamine pyrocatechol 
(EPW) solution is used in this operation form. At this time, etching removal of the 1st 
located in a substrate protective coat [ which is located in the undersurface side of the 
pressure criteria room 200 ] 50 and upper surface side and 2nd insulating diaphram film 
70 and 90 is not carried out from having etching-proof nature to an EPW solution. 
Therefore, the cascade screen with the 1st insulating diaphram film 70 located in the 
upper surface side of the pressure criteria room 200, the semiconductor film 80, and the 
2nd insulating diaphram film 90 will function as a movable diaphram 400. 
[0052] next, the movable-electrode connection which penetrates the 2nd insulating 
diaphram film 90 and reaches the movable-electrode end-connection child 83 - the fixed 
electrode connection which penetrates a hole 110, the 2nd insulating diaphram film 90, 
the 1st insulating diaphram film 70, and the substrate protective coat 50, and reaches the 
fixed electrode end-connection child 42 - opening formation of the hole 130 is carried 
out by photo etching 

[0053] Furthermore, the 1st wiring 150 and the 2nd wiring 160 are formed in the 
predetermined portion on the 2nd [ of the single-crystal-silicon substrate 30 ] insulating 
diaphram film 90. Throughout the front face of the single-crystal-silicon substrate 30, by 
vacuum deposition or sputtering, covering formation is carried out by the thickness 
whose aluminum is 1 micrometer, photo etching removes the aluminum of a garbage and 
these wiring forms it. this time - a movable electrode 81 - movable-electrode connection 
- it connects with the movable-electrode output terminal 120 through a hole 1 10 and the 
1st wiring 150 - having - a fixed electrode 40 - fixed electrode connection - it connects 
with the fixed electrode output terminal 140 through a hole 130 and the 2nd wiring 160 ( 
draw inu 3 , four references) 

[0054] Furthermore, the closure member which contains a closure cap in a portion for the 
etching-reagent inlet 100 is formed in predetermined [ of the single-crystal-silicon 
substrate 30 ]. In forming this closure member, the etching-reagent inlet 100 deposits first 



the closure material which consists of a silicon nitride film on the thickness which is the 
grade which can carry out seal closure throughout the front face of the single-crystal- 
silicon substrate 30 by the plasma CVD method in a vacua mostly. And opening 
formation of a part of movable-electrode output terminal 120 and fixed electrode output 
terminal 140 is carried out at the same time it removes a garbage by photo etching and 
forms the closure cap 300. By doing in this way, while the interior had been maintained 
at the vacua, seal closure will be carried out, and the pressure criteria room 200 can 
measure the absolute pressure impressed to the movable diaphram 400. 
[0055] In this operation form, with 100 micrometers and 1.5 micrometers, the diameter 
and thickness of the movable diaphram 400 are small, and are formed with a sufficient 
precision, respectively. This sensor is [ the nonlinearity of electrostatic-capacity change ] 
below **2%F.S. more than 1x10-14 F (farad) to the absolute pressure of lOOkPa, and, 
moreover, it was checked by experiment in the -30-1 00-degree C temperature 
requirement that the temperature coefficient of a zero and sensitivity has the temperature 
characteristic which was excellent in **0.02%/[ degree C and ] or less. 
[0056] As explained above, according to the electrostatic-capacity type pressure sensor of 
this operation form, it is understood that a zero and an electrostatic-capacity type pressure 
sensor with the small temperature dependence of sensitivity can be realized small. In 
addition, in this operation form, a combination using the thin film material of nitrogen 
50atm% composition as the 1st and 2nd insulating diaphram film 70 and 90 was used 
aluminum 17atm% silicon 33atm%, using the single-crystal-silicon substrate of an n type 
direction (100) as a substrate 30. However, control of a coefficient of thermal expansion 
is possible for the thin film material which consists of silicon, aluminum, nitrogen, and 
oxygen by changing those composition in a film. 

[0057] The measurement result of the coefficient of thermal expansion of the thin film 
material which changed composition of silicon, aluminum, nitrogen, and oxygen is 
shown in Table 1 . 
[0058] 
[Table 1] 



Here, the fixed quantity of the composition of the thin film material of sample No. 1-8 
was carried out by X-ray photoelectron spectroscopy. Moreover, the coefficient of 
thermal expansion formed the thin film material of sample No. 1-8 on the single-crystal- 
silicon substrate, and asked for it based on the amount of curvatures of the single-crystal- 
silicon substrate by the temperature change. 

[0059] As shown in Table 1 , it turns out that the coefficient of thermal expansion of the 
thin film material which consists of silicon, aluminum, nitrogen, and oxygen is 
controllable in 3.5x1 0-6/degree-C - 4.1xl0-6/degree C. By changing composition of the 
1st and 2nd insulating diaphram film 70 and 90 from this, if it is the substrate which has 
the coefficient of thermal expansion of the range of 3. 5x1 0-6/degree-C - 4. lxl0-6/degree 
C shows that a zero and an electrostatic-capacity type pressure sensor with the small 
temperature dependence of sensitivity can be realized. 

[0060] (The 2nd operation form) Next, the suitable 2nd operation form of this invention 
is explained. In addition, the same sign is given to the aforementioned 1st operation form 
and a corresponding member, and the explanation is omitted. 
[0061] Drawing 5 is the plan having shown the suitable 2nd operation form of the 
electrostatic-capacity type pressure sensor concerning this invention, and drawing 6 is the 
cross section which met the D-E line of drawing 5 . 

[0062] First, a fixed electrode 40, the fixed electrode lead 41, and the fixed electrode end- 
connection child 42 are formed in the main front face of the single-crystal-silicon 
substrate 30. Moreover, covering formation of the substrate protective coat 50 which 
consists of a thermal oxidation film with a thickness of lOOnm throughout the front face 
of this single-crystal-silicon substrate 30 is carried out. and the pressure-receiving field 
on this substrate protective coat 50 - a wrap - the field which forms the sacrifice film 60 



which consists of polycrystal silicon with a thickness of 200nm like, and is next 
equivalent to the diaphram fixed part 170 of this sacrifice film 60 — as an impurity — 
boron — thermal diffusion or ion-implantation — using — addition — being spread — high 
impurity concentration -- Ixl0207cm3 The above p type semiconductor field is formed. 
Thereby, the field equivalent to the diaphram fixed part 1 70 has an etching-proof 
property, and the sacrifice film 60 of the field which does not add and diffuse an impurity 
has an isotropic etching property. In addition, the sacrifice film 60 is removed later. 
[0063] Next, the 1st insulating diaphram film 70 and semiconductor film 80 are formed 
like the 1st operation form. In this operation form, a movable electrode 81, the movable- 
electrode lead 82, the movable-electrode end-connection child 83, a reference electrode 
180, the reference-electrode lead 181, and the reference-electrode end-connection child 
1 82 are formed by carrying out photo etching of this semiconductor film 80. The 
movable electrode 81 is formed inside the aforementioned diaphram fixed part 1 70 of a 
pressure-receiving field, and the aforementioned reference electrode 180 is formed in the 
outside of the aforementioned diaphram fixed part 170 of a pressure-receiving field. In 
addition, this movable electrode 81 and reference electrode 180 are formed so that it may 
become the same area. 

[0064] Next, it crosses throughout the main front face of the single-crystal-silicon 
substrate 30, the insulating diaphram film 90 of the method 2nd of a wrap carries out 
covering formation of this semiconductor film 80, and opening of the etching-reagent 
inlet 100 is carried out. By pouring in an ethylenediamine pyrocatechol (EPW) etching 
reagent through this etching-reagent inlet 100, etching removal of the sacrifice film 60 of 
a field which was not processed so that it might have an etching-proof property is carried 
out, and the cavity used as the diaphram fixed part 1 70 and the pressure criteria room 200 
is formed. Thereby, rigidity becomes high and the outside field of the diaphram fixed part 
170 in a pressure-receiving field turns into a field which cannot bend easily to the 
measuring pressure-ed force. The reference electrode 180 is formed in this field. 
[0065] next, the movable-electrode connection which penetrates the 2nd insulating 
diaphram film 90 and reaches the movable-electrode end-connection child 83 - a hole 
1 10 and the reference-electrode connection which reaches the reference-electrode end- 
connection child 1 82 — the fixed electrode connection which penetrates a hole 1 85, the 
2nd insulating diaphram film 90, the 1st insulating diaphram film 70, and the substrate 
protective coat 50, and reaches the fixed electrode end-connection child 42 — opening 
formation of the hole 130 is carried out by photo etching Next, covering formation of the 
aluminum with a thickness of 1 micrometer is carried out throughout the front face of the 
single-crystal-silicon substrate 30, and the 1st wiring 150, the 2nd wiring 160, and the 3rd 
wiring 190 are formed by photo etching. Then, like the aforementioned 1st operation 
form, the closure cap 300 is formed and opening formation of a part of movable-electrode 
output terminal 120, fixed electrode output terminal 140, and reference-electrode output 
terminal 183 is carried out. 

[0066] Here, in this operation form, the movable diaphram 400 of the diameter of 100 
micrometers by support of the diaphram fixed part 170 and 1.5 micrometers of thickness 
is formed in the pressure-receiving field with a diameter of 150 micrometers. And the 
pressure detection capacitor Cx is formed by the movable electrode 81 and the fixed 
electrode 40, and the criteria capacitor Cr is formed by the reference electrode 180 and 
the fixed electrode 40. Therefore, the pressure detection capacitor Cx and the criteria 



capacitor Cr consist of same material, and since it moreover approaches and is formed, 
the temperature characteristic becomes almost equal. 

[0067] The switched-capacitor circuit of the charge-and-dischargc type which changes 
capacity into voltage is in one of the methods which detects capacity change. A switched- 
capacitor type capacity detector is shown in drawing 7 . 

[0068] In this circuit, it has four switches SW1-SW4, and these four switches SW1-SW4 
are switched by the clock signal of the frequency more than predetermined. SW1 and 
SW2 connect the end of the pressure detection capacitor Cx and the criteria capacitor Cr 
to a ground or a power supply pinch off voltage by turns. That is, one of the capacitors 
Cx or Cr is connected to a ground, and another side is connected to a power supply pinch 
off voltage. 

[0069] The other end of the pressure detection capacitor Cx and the criteria capacitor Cr 
is connected to the negative input edge of an operational amplifier. In addition, the right 
input edge is connected to the ground. Moreover, between the outgoing end of this 
operational amplifier, and the negative input edge, the feedback capacitor Cf and the 
switch SW3 are arranged in parallel and connected. And the output of an operational 
amplifier is connected to the outgoing end through the switch SW4. In addition, the 
capacitor CO for smooth by which the other end was connected to the ground is 
connected to the outgoing end. In addition, when SW3 becomes off [ in the example of 
illustration, when the switch SW1 is connected to the power supply pinch off voltage, 
SW2 is connected to a ground, and / ON and SW4 ] and the switch S W2 is connected to 
the power supply pinch off voltage, SW1 is connected to a ground, SW3 is turned off [ it 
] and SW4 is turned on [ it ]. 

[0070] In a switched-capacitor circuit, Cx, Cr, and Cf consider as resistance substantially, 
and the amplification factor of an operational amplifier is determined by switching by the 
ratio of the capacity (since two capacity Cx and Cr is connected by turns, it is this 
difference) of an input side, and the capacity by the side of feedback. Then, if output 
voltage of this switched-capacitor circuit is set to E0, this E0 is expressed with E0=pinch- 
off-voltage(Cx-Cr)/Cf, and output voltage E0 is proportional to the capacity difference of 
two capacitors Cx and Cr. Therefore, by detecting output voltage E0, the capacity 
difference of two capacitors Cx and Cr can be detected, and the pressure impressed by 
this can be detected. 

[007 1 ] Therefore, as a result of connecting the sensor of this operation gestalt to this 
switched-capacitor type capacity detector and evaluating a sensor property, to the 
absolute pressure of 100kPa(s), output voltage is 20mV or more, nonlinearity of output 
characteristics is below -2%F.S., and having the temperature characteristic which the 
temperature coefficient of a zero and sensitivity excelled in the temperature characteristic 
with degree C in **0.01% /or less in the -30-100-degree C temperature requirement was 
checked by experiment. 

[0072] Thus, with this operation gestalt, a reference electrode 180 is formed in a 
pressure-receiving field in the form which encloses a movable electrode 81, and the 
diaphram fixed part 1 70 is formed in both boundary line. Of this, the pressure detection 
capacitor Cx is formed by the movable electrode 81, and the criteria capacitor Cr is 
formed of a reference electrode 180. And pressure variation is detectable by detecting the 
capacity difference of two capacitors Cx and Cr. Since especially two adjoining 
capacitors become the almost same temperature, they can eliminate the temperature 



effects to a pressure detection value nearly completely. Moreover, by forming the 
diaphram fixed part 1 70, deformation by the pressure of a reference electrode 1 80 can be 
prevented, and the capacity difference in two capacitors can be maintained to sufficient 
thing. 

[0073] (The 3rd operation gestalt) The plan of the electrostatic-capacity type pressure 
sensor concerning the 3rd operation gestalt of this invention is shown in drawing 8 . 
[0074] The characteristic matter of this operation gestalt is to have unified the 
electrostatic-capacity type pressure sensor and the integrated capacity detector. 
[0075] In the operation gestalt, the electrostatic-capacity type pressure sensor 500 
explained with the 2nd operation gestalt is formed in the predetermined position of the 
single-crystal-silicon substrate 30. Furthermore, on this single-crystal-silicon substrate 
30, the circuit section 600 is formed using the semiconductor manufacturing technology. 
This circuit section 600 consists of switched-capacitor type capacity detectors which 
change an above-mentioned capacity change into voltage. 

[0076] The fixed electrode 40, the movable electrode 81, and reference electrode 180 of 
the electrostatic-capacity type pressure sensor 500 are connected to the circuit section 600 
through the fixed electrode output terminal 140, the movable-electrode output terminal 
120, and the reference-electrode output terminal 183, respectively. 
[0077] Thus, the so-called integration sensor which could manufacture the electrostatic- 
capacity type pressure sensor by which electrical output is obtained, and was united with 
the integrated circuit according to one semiconductor processing process by accumulating 
a circuit portion on the same substrate can be obtained. 
[0078] 

[Effect of the Invention] Since the electrostatic-capacity type pressure sensor of this 
invention is using the thin film material almost equal to the coefficient of thermal 
expansion of a substrate for a diaphram, its temperature dependence of a zero and 
sensitivity is small so that more clearly than the above explanation. Moreover, using the 
thin film coating technology of a semiconductor process, or the etching technology of a 
sacrifice film, a movable diaphram can form in a high precision, formation of the gap 
where the counterelectrode which constitutes a capacitor is narrow becomes easy, and the 
miniaturization of an electrostatic-capacity type pressure sensor of it is attained. And 
since all can be manufactured by processing processing of one side of a substrate, it is 
very suitable for the so-called manufacture of the integration sensor which unified the 
integrated circuit. 



[Translation done.] 



